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[57] ABSTRACT 

A contamination monitoring system for monitoring 
contaminants in a liquid, comprising a first electrical 
conductivity sensor, a second electrical conductivity 
sensor, a filter and a pump, the filter being disposed 
between the first sensor and the second sensor, the 
pump being arranged to circulate the liquid, the first 
electrical conductivity sensor providing an indication of 
dissolved ionic contamination levels in the liquid prior 
to filtration of the liquid by the filter, the second electri- 
cal conductivity sensor providing an indication of dis- 
solved ionic contamination levels in the liquid after 
filtering the liquid by the filter, the conductivity mea- 
sured by the second electrical conductivity sensor being 
compared against a value to determine whether the 
liquid should be retained or discarded. 

8 Claims, 1 Drawing Sheet 
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The contamination monitoring system 10 shown in 
FIG. 1 is arranged to be used in printed circuit board 
cleaning in electronics industry. Typically, printed cir- 
cuit board cleaning is done by an ultrasonic cleaner. 
Printed circuit boards to be cleaned are immersed in a 
c leaning liquid and agitated by ultrasou nd. To further 
enhance the cleaning ability of the ultrasonic cleaner, 
the cleaning liquid is typically a solvent or aqueous 
Contamination monitoring has wide applications in the lft f^-* 5 the printed circuit boards axe cleaned^ con- 
areas of process control and quality control. 10 Passed into the dearoug hqmd. Such con- 

taminants include physical particles and organic con* 



CONTAMINATION MONITORING SYSTEM 

BACKGROUND OF THE INVENTION 

The present invention relates to a contamination 
monitoring system. In particular, the present invention 
relates, to a contamination monitoring system for moni- 
toring contamination levels of dissolved ions in liquids. 



process control ana quality 
An example of where a contarnination monitoring 
system is applicable is in the electronics industry, in 
particular cleaning of printed circuit boards. Printed 
circuit boards are typically cleaned by immersing them 
in a cleaning solution to remove any unwanted matter. 
The unwanted matter is typically dissolved into the 
cleaning solution and consequently, the cleaning solu- 
tion ultimately becomes contaminated. If the contami- 
nation level of the cleaning solution is not monitored, 
then contaminants from one batch of printed circuit 
boards could be transferred to the next batch of printed 
circuit boards to be cleaned. Further, relatively uncon- 
taminated cleaning liquids could be discarded unneces- 



taminants. Typically, many of the contaminants are in 
the form of dissolved ions in the cleaning liquid. 
In the accompanying drawing, there is also shown a 
IS cleaning tank 22 of an ultrasonic cleaner having an 
ultrasonic vibrator 23, a radiator or heat exchanger 24 
and a bypass solenoid 26 having a primary inlet and a 
primary outlet. The cleaning tank 22 contains a clean ing 
li quid in to which printed circuit boards to be cleaned 
20 are^ immersed. The radiator 24 is provided to cool the 
cleaning liquid as it passes through the contamination 
monitoring system 10, since the cleaning liquid may 
become heated as a result of ultrasonic agitation. 
The bypass solenoid 26 is provided to allow cleaning 



sarily, representing a financial loss. Therefore, there is a 25 Uquid which k overly contaminated to be removed 



need for a system which provides monitoring of con- 
tamination levels in liquids for such application. 

BRIEF SUMMARY OF THE INVENTION 

In accordance with one aspect of the present inven- 
tion, there is provided a contamination monitoring sys- 
tem for monitoring contaminants in a liquid, comprising 
a liquid flow path provided with a first sensor, a second 
sensor, a Miter means and a pump means, the filter means 



30 



through a secondary outlet 28 and for fresh cleaning 
liquid to replace any removed liquid via a secondary 
inlet 30. 

Since contaminants in the cleaning liquid after re- 
moval of physical particles are principally in the form of 
dissolved ions, it is convenient for the sensors 12 and 14 
to measure the electrical conductivity of the cleaning 



li quid to determine contarnination lev els. Further, the 
filter 16 is preferably a mesh filter to remove particulate 

being disposed between the first sensor and the second 35 contaminants. The filter 18 is preferably an activated 

sensor, the pump means being arranged to pump the carbon filter to remove organic contaminants. It should 

liquid along the flow path, the first sensor providing an ^ note< j ^ otner t yp CS ^ quantities of filters may be 

indication of contamination levels in the liquid prior to provided depending upon the application for which the 

filtration of the liquid by the filtering means, the second contamination monitoring system 10 is intended to be 

sensor providing an indication of contamination levels 40 used. For example, in environments where the liquid 

in the liquid after filtering of the liquid by the filter has a large amount of particulate contaminants, it may 

means. be desirable to add a pre-filter to remove large particles 

It should be appreciated that the present invention is from the liquid. The pre-filter may be disposed before 

applicable in a large range of situations. The embodi- the filter 16, and in some instances, before the sensor 12. 

ment described below relates to cleaning printed circuit 45 There is also provided a number of preset values 13 and 

boards, however the present invention is not specifi- a c omparator 1 5. The comparator 15 is arranged to 

cally limited thereto. c ompare values from the preset values 13 and the s ensor 

BRIEF DESCRIPTION OF THE DRAWINGS liJB^fflHSSuatar 15 controls the bypass solenoid 26 

according to comparison results. In use, the cleaning 
The present invention will now be described, by way 50 liquid is circulated by the pump 20 from the cleaning 



of example, with reference to the accompanying draw- 
ing which is a block diagram of a contamination moni- 
toring system in accordance with the present invention. 

DETAILED DESCRIPTION 
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tank 22 through the contamination monitoring system 
10 and returned to the cleaning tank 22 of the ultrasonic 
cleaner. The rf«*ning liquid passes firstly through t he 
se nsor 12 which detemimes_the_xonductivitv oflh e 
le aning liquid prior to filtration . The cleaning liquid is 
then passed through die tiJters 16 and 18 w hich filter 
contaminant s frp™ thp r-lMplr^Jigxji^ The filtered 
c leaning liquid-passes t hrough tnr S f ff crt r 1A wiiTrfr de- 
termines the conductivity of the filtered cleaning liquid. 

The radiator 24 cools the filtered cleaning liquid, 
which helps increase efficiency of the ultrasonic cleaner 
and also reduces fiammability of the filtered cleaning 
liquid. Under normal operating conditions, the filtered 
cleaning liquid passes from the radiator 24 through the 
senses and 14 such that the sensor 12 sensors contarn ina- 65 bypass solenoid 26 and is returned to the cleaning tank 

firm in thet \\r\m$ prj pr to filtrat ing $r\<p thp. sensnr 14 22 for re-USe. 

o>r^i con fanp natjon in, foe ftquid after pasi^g thrrmgh Information received from the sensors 12 and 14 can 
the filte rs_16 and 18. be used to determine a variety of information about the 



Shown in the accompanying drawing, is a contamina- 
tion monitoring system 10 comprising a liquid flow path 
provided with a first sensor 12. a second sensor 14, a 
first filter 16, a second filter 18 and a pump 2U. 1 he 
^ pump 20 pumps a liquid to be monitored along the 60 
^pl iauid flow path 11 through the contanimatioTL rnonitnr- 
ing system 10. In this embodiment the liquid flow path 
11 completes a circuit although this is not essential The 
filters 16 and 18 are provided between the sensors 12 
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cleaning liquid and the contamination monitoring sys- 
tem 10. If, for example, the sensor 12 senses that the 
conductivity of the cleaning liquid indicates a level of 
contaminants and further that the sensor 14 determines 
that the conductivity of the filtered cleaning liquid S 
indicates trie same level of contaminants, then the filters 
16 and 18 need replacing. 

Further, the difference in conductivity measured by 
the sensors 12 and 14 can be used to determine the 
cleanliness of printed circuit boards within the cleaning 10 
tank 22. When printed circuit boards are initially placed 
into the cleaning tank 22 and cleaning is commenced, 
there is typically a large difference in the conductivity 
measured by sensor 12 compared with the lower con* 
ductivity measured by sensor 14. As cleaning continues, 13 
typically the conductivity measured by sensors 12 and 
14 increases as the batch of printed circuit boards within 
the cleaning tank 22 is cleaned. Therefore, a levelling 
off effect is seen in the difference between the conduc- 
tivities measured by the sensors 12 and 14. This level- 20 
ling off effect can be used to determine when printed 
circuit boards within the cleaning tank 22 are cleaned 
and may be removed. 

Since the conductivity of the filtered cleaning liquid 
measured by the sensor 14 represents the amount of 25 
contaminants being returned to the cleaning tank 22, . 
this value can be used to mamtain the cleanliness of the 
cleaning liquid. If the conductivity measured by the 
sensor 14 indicates that the filtered cleaning liquid has a 
degree of contamination which exceeds a desired level, 30 
which indication is a result of the comparator 15 com- . 
paring the conductivity from the sensor 14 with the 
preset value 13, the bypass solenoid 16 is activated by 
the comparator 15. When the bypass solenoid 26 is in 
the activated state, the cleaning liquid from the radiator 35 
24 is not returned to the cleaning tank 22, but is redi- 
rected to the outlet 28. Typically, the outlet 28 leads to 
a storage container, so that the dirty cleaning liquid can 
be recycled or reprocessed. Further, in the activated 
state, the bypass solenoid 26 allows fresh cleaning liquid 40 
present at the inlet 30 to be released into the cleaning 
tank 22. Thus, the preset value 13, the comparator 15 
and the bypass solenoid 26 act as a flow control means. 

Replacement of the dirty cleaning liquid can occur in 
one of two ways. Firstly, tie entire batch of dirty clean- 45 
ing liquid in the cleaning tank 22 can be replaced with 
fresh cleaning liquid. Alternatively, the dirty cleaning 
liquid can be replaced on a continuous or "trickle" basis 
with fresh cleaning liquid until contaminants in the 
cleaning liquid have decreased to an acceptable level. 50 

In this instance, the inlet 30 is typically connected to 
a liquid supply means, in the form of a storage tank in 
which fresh cleaning liquid is stored. It is envisaged that 
a second pump may be necessary to pump fresh clean- 
ing liquid from the storage tank through the inlet 30 to 55 
the cleaning tank 22. There may also be provided a level 
indicator in the cleaning tank 22 so that the level of 
cleaning liquid therein may be determined. The provi- 
sion of a level indicator would prevent loss of cleaning 
liquid by more liquid being removed through the outlet 60 
28 than added through the inlet 30. The level indicator 
also allows regulation of the volume of cleaning liquid 
depending upon the number of printed circuit boards to 
be cleaned. When the sensor 14 indicates that the con- 
taminant level within the cleaning liquid has dropped to 65 
a sufficiently low level, which indication is again per- 
formed by comparison with the preset value 13 by the 
comparator 15, the bypass solenoid 26 is deactivated by 



the comparator 15. In the deactivated state of the sole- 
noid 26, cleaning liquid from the radiator 24 is returned 
to the cleaning tank 22. 

It is envisaged that the preset values 13, which are 
compared with the conductivity measured by the sensor 
14 to determine whether the liquid has an unacceptably 
high contamination level, may be calibrated to conform 
to Australian Standard 3508.3 (1990), or other industry 
standards. Further, a number of predetermined settlings 
may be provided so that, for example, military specifica- 
tion, industry specification and low grade specification 
may be selected by use of a switch or some other conve- 
nient means. Further, it is envisaged that information 
from the sensors 12 and 14 may be output to a com- 
puter, for example by a RS-232 serial interface. Such an 
interface would allow analysis of the information, for 
example to compare different cleaning liquids or filters, 
or for a comparison to be made between previous infor- 
mation and present information to determine such 
things as efficiency and the amount of cleaning liquid 
used. A long term history analysis may be performed to 
allow simulations and modelling to be conducted, and 
also to determine any sources of contarnination. 

It should be apparent to a person skilled in the art that 
the present invention has applications in a variety of 
Melds other than printed circuit board cleaning and the 
present invention is not taken to be limited thereto. 

Modifications and variations such as would be 
deemed apparent to a skilled addressee are deemed 
within the scope of the present invention. 

I claim: 

1. A contamination monitoring system for monitoring 
contaminants in a liquid, comprising a liquid flow path 
provided with a first sensor, a second sensor, a filter 
means and a pump means, the filter means being dis- 
posed between the first sensor and the second sensor, 
the pump means being arranged to pump the liquid 
along the flow path, the first sensor providing an indica- 
tion of contamination levels in the liquid prior to filtra- 
tion of the liquid by the filter means and the second 
sensor providing an indication of contarnination level in 
the liquid after filtration of the liquid by the filter means, 
wherein the contarnination monitoring system further 
comprises a flow control means including a primary 
inlet and a primary outlet, the flow control means being 
disposed after the second sensor, wherein under normal 
operation conditions, the liquid flows through the flow 
control means from the primary inlet to the primary 
outlet, and wherein the flow control means further 
comprises a secondary inlet and a secondary outlet, 
whereby if the second sensor indicates an unacceptable 
level of contaminants in the liquid, the flow control 
means is activated such that the liquid is redirected from 
the primary outlet to the secondary outlet, the second- 
ary inlet being redirected to the primary outlet, a liquid 
supply means connected to the secondary inlet provid- 
ing liquid to replace the redirected liquid. 

2. A contamination monitoring system for monitoring 
contaminants in a liquid, comprising a liquid flow path 
provided with a first sensor, a second sensor, a filter 
means and a pump means, the filter means being dis- 
posed between the first sensor and the second sensor, 
the pump means being arranged to pump the liquid 
along the flow path, the first sensor providing an indica- 
tion of contarnination levels in the liquid prior to filtra- 
tion of the liquid by the filter means and the second 
sensor providing an indication of contamination level in 
the liquid after filtration of the liquid by the filter means, 
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wherein the contamination monitoring system further 4. A contamination monitoring system according to 

comprises a heat exchange means located in the liquid claim 1, wherein the first sensor and the second sensor 

flow path, the heat exchange means being arranged so m electrical conductivity sensors, 

as to cool the liquid 5. A contamination monitoring system according to 

3. A contamination monitoring system for monitoring 5 claim 1, wher^ the contamination momtoring system 

7. . . _ * further comprises a heat exchange means located in the 

contaminant m a liquid, comprising a liquid flow path Ucmid flo^p^ ^ ^ exchange means being ar- 

provided with a first sensor, a second sensor, a filter ^ as to cool the liquicL 

means and a pump means, the filter means being dis- & a coiitamination monitoring system according to 

posed between the first sensor and the second sensor, 10 claim % wherein the liquid supply means includes a 

the pump means being arranged to pump the liquid second pump means arranged to pump liquid from the 

along the flow path, the first sensor providing an indica- liquid supply means to the secondary inlet 

tion of contamination levels in the liquid prior to Ultra- 7. A contamination monitoring system according to 

tion of the liquid by the filter means and the second claim 1, wherein the filter means comprises a mesh filter 

sensor providing an indication of contamination level in 1 5 and an activated carbon filter where the two distinct, 

_ . - _ 1A ? ' , . other, within the liquid flow path that passes through 

wherein the filter means comprises a mesh filter and an eac j 1 gj ter 

activated carbon filter, where the two distinct, separate ^ A contamination monitoring system according to 

filters are arranged in series, one before the other, 20 p\*m l, in which the liquid flow path is in the form of 

within the liquid flow path that passes through each a closed hydraulic circuit 

filter. ♦ * * * * 
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